Halophilic archaeal strain ZS-54-S2
The members of the class Halobacteria are the traditional halophilic archaea other than the halophilic methanogenic archaea [1] . At present, the class Halobacteria contains three orders: Halobacteriales, Haloferacales and Natrialbales [2] . Halobacteriales is the type order of the class Halobacteria and the type genus of Halobacteriales is Halobacterium. The genus Halobacterium, belonging to the family Halobacteriaceae, was formally established by Elazari-Volcani in 1957 [3] and currently contains four validly described species, Halobacterium salinarum, Halobacterium jilantaiense, Halobacterium noricense and Halobacterium rubrum [4] [5] [6] [7] . The cells of Halobacterium members are rod-shaped under optimal growth conditions and Gram-stain-negative. Their colonies are red or pink due to the presence of bacterioruberin carotenoids. Halobacterium species contain C 20 C 20 glycerol diether derivatives of phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), phosphatidylglycerol sulfate (PGS) and the glycolipids galactosyl mannosyl glucosyl diether (TGD-1) , sulfated galactosyl mannosyl glucosyl diether (S-TGD-1) and sulfated galactosyl mannosyl galactofuranosyl glucosyl diether (S-TeGD) [8] . During a survey of the halophilic archaeal diversity of the Zhoushan marine solar saltern in the eastern region of China, a halophilic archaeal strain ZS-54-S2
T was isolated and found to be most closely related to the members of Halobacterium, as judged from 16S rRNA gene sequences. In this study, we characterize strain ZS-54-S2
T as a new species of the genus Halobacterium, for which the name Halobacterium litoreum sp. nov. is proposed.
Strain ZS-54-S2
T was isolated from the sediment of Zhoushan marine solar saltern, Zhejiang Province, China C, and then the colonies were picked and successively restreaked on NHM agar plates at least three times to obtain pure colonies. The isolated strain was preserved at À20
C as a suspension in NHM broth supplemented with glycerol (150 g l
À1
).
The phenotypic characteristics of halophilic archaeal stains were tested according to the proposed minimal standards for the description of novel taxa in the order Halobacteriales [9] . Characterization of morphology and growth characteristics, nutrition, biochemical tests and sensitivity to antimicrobial agents were performed as described previously [10] . T were selected as reference strains. These reference strains were routinely grown aerobically at 37 C in NHM.
The polar lipid composition of ZS-54-S2 T was analysed using one-and two-dimensional thin-layer chromatography (TLC), as described previously [10] . In two-dimensional TLC, the first solvent was chloroform-methanol-water (65 : 25 : 4, by vol.) and the second solvent was chloroformmethanol-acetic acid-water (80 : 12 : 15 : 4, by vol.). The latter solvent mixture was also used in one-dimensional TLC. Specific detection spray reagents for phospholipids and glycolipids were used and the general detection reagent, sulfuric acid-ethanol (1 : 2, by vol.), was used to detect total polar lipids. The presence of phospholipids and glycolipids on the two-dimensional TLC was confirmed by comparing with one-dimensional TLC on which the polar lipid profile of reference strain was developed.
Genomic DNA from strain ZS-54-S2
T was extracted and purified using a genomic DNA extraction kit (CW0552, Beijing ComWin Biotech) and the 16S rRNA gene was amplified with the primer pair 0018F and 1518R, then cloned and sequenced as described previously [11] . The rpoB¢ gene of strain ZS-54-S2
T was amplified using the forward primer HrpoB2 1420F and reverse primer HrpoA 153R [12] and the PCR product was sequenced using the following primers: HrpoB2 1420F, HrpoA 153R and B1-628F (5¢-CCNGCNGSVCAGAACTTC-3¢). These sequences were aligned using the ClustalW program integrated in the MEGA 6 software [13] and the phylogenetic trees were reconstructed using maximum-likelihood (ML) [14] , maximum-parsimony (MP) [15] and neighbourjoining (NJ) [16] algorithms. Sequence similarity was assessed by comparing the 16S rRNA gene sequence of strain ZS-54-S2
T with those sequences from the EzTaxon database (http://www.ezbiocloud.net/identify) [17] . The DNA G+C content of strain ZS-54-S2
T was determined from the mid-point value (T m ) of the thermal denaturation method [18] at 260 nm using a Beckman-Coulter DU800 spectrophotometer equipped with a high-performance temperature controller.
Cells of strain ZS-54-S2
T were motile and rod-shaped (0.4-0.5Â0.8-2.0 µm) when grown in liquid NHM (Fig. S1 , available in the online Supplementary Material). The cells stained Gram-negative and the colonies were red-pigmented. Strain ZS-54-S2
T was able to grow at 20-50 C (optimum 35 C), at 1.7-4.8 M NaCl (optimum 3.9 M), at 0.005-1.0 M MgCl 2 (optimum 0.05 M) and at pH 5.0-9.5 (optimum pH 7.0). The cells of strain ZS-54-S2
T lysed in distilled water and the minimal NaCl concentration to prevent cell-lysis was 5 % (w/v). Strain ZS-54-S2
T was able to grow under anaerobic conditions using nitrate but not DMSO or L-arginine. It was positive for H 2 S formation and indole formation. Strain ZS-54-S2
T was able to hydrolyse gelatin but did not hydrolyse casein, starch or Tween 80. It was sensitive to the following antimicrobial compounds (µg per disc, unless otherwise indicated): novobiocin (30), bacitracin (0.04 IU per disc) and Nystatin (100). It was resistant to the following antimicrobial compounds: rifampin (5), nitrofurantoin (300), trimethoprim (5), erythromycin (15), penicillin G (10 IU per disc), ampicillin (10), chloramphenicol (30), neomycin (30), norfloxacin (10), ciprofloxacin (5), streptomycin (10), kanamycin (30), tetracycline (30), vancomycin (30), gentamicin (10) and nalidixic acid (30). The main phenotypic characteristics differentiating strain ZS-54-S2 T from the current four members of Halobacterium were anaerobic growth with nitrate, arginine and DMSO, reduction of nitrate to nitrite, utilization of specific carbon sources, oxidase activity and hydrolysis of gelatin (Table 1) . More detailed results of the phenotypic features of the strain are given in the species description.
The major polar lipids of strain ZS-54-S2
T were: PG; PGPMe; GL1 and GL2, chromatographically identical to STeGDand TGD-1; and an unidentified glycolipid which was chromatographically identical to an unidentified glycolipid (GLb) detected in Hbt. salinarum CGMCC 1.1958
T =NRC 34002 T ) (Fig. S2) . Hbt. salinarum CGMCC 1.2367 (=ATCC 33170=NRC 34001), once named as Halobacterium cutirubrum, contained PG, PGP-Me, PGS, TGD-1, S-TGD-1 and S-TeGD [19] 
